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1
HEAT TRANSFER FIN

FIELD OF THE INVENTION

The present invention relates to a heat transier fin for a
heat exchanger.

DESCRIPTION OF THE

RELATED ART

A fin-tube type heat exchanger for a combustion appara-
tus, such as a water heater and a heat source device for a
room heater, includes a heat exchanger body through which
combustion exhaust gas generated from a burner flows, a
plurality of flat plate-shaped heat transfer fins disposed 1n a
vertical posture and arranged side by side between side walls
of the heat exchanger body, and a plurality of heat transfer
tubes 1n which a heat medium such as water tlows.

In the above conventional heat exchanger, the plurality of
heat transfer tubes 1s inserted through the heat transier {in in
a staggered manner 1n two or more stages in a direction of
a gas flow passage of the combustion exhaust gas. (For
example, Japanese Unexamined Patent Publication No.

2018-66516 A) According to the heat exchanger having the

plurality of heat transier tubes arranged in the staggered
manner in the plurality of stages, the combustion exhaust gas
passing between adjacent heat transter tubes 1n a lower stage
flows toward a heat transfer tube in an upper stage. This
allows heat i the combustion exhaust gas to efliciently
transier to the heat medium flowing in the heat transier
tubes.

In the above heat exchanger, the heat transfer tubes are
connected 1n cascade connection to form a single heat
exchange tube path. Specifically, a downstream tube end of
the heat transfer tube communicates with an upstream tube
end of an adjacent heat transtier tube 1n each stage. Further,
at a side end of the heat transfer fin, a downstream tube end
of a most downstream heat transfer tube 1n the lower stage
communicates with an upstream tube end of a most
upstream heat transfer tube 1n the upper stage. Thus, 1n a
case where the heat transter tubes are inserted through each
of the heat transter fins in the plurality of stages, the heat
medium flows into the heat exchanger from an upstream
tube end of an most upstream heat transtfer tube in the lower
stage at one side end of the heat transfer {in, flows toward the
downstream tube end of the most downstream heat transfer
tube 1n the lower stage at the other side end of the heat
transier fin, and then flows to the upstream tube end of the
most upstream heat transier tube 1n the upper stage at the
other side end of the heat transfer fin. Then, a flow path
direction of the heat medium 1s folded back 1n an opposite
direction at the other side end of the heat transfer fin, and the
heat medium flows toward a downstream tube end of a most
downstream heat transfer tube in the upper stage at the one
side end of the heat transter fin. This results 1n longer contact
time between the combustion exhaust gas and the heat
transier tubes.

On the other hand, a combustion apparatus having a
burner unit with a plurality of burners divided into a plurality
of combustion regions has been proposed in order to make
a combustion amount more adjustable. According to this
combustion apparatus, the number of burners to burn can be
switched 1n a plurality of phases in response to increase or
decrease 1n a required combustion amount. Therefore, when
the required combustion amount 1s small, only the burners
disposed 1n some of the plurality of combustion regions
bumn.
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The above-described partial combustion results 1n con-
centrated heating of only the heat transfer tubes located
downstream of the combustion region of the burning burn-
ers. For example, when only the burners in the combustion
region located upstream of one side end of the heat transier
fin burn, high temperature combustion exhaust gas mainly
flows toward the heat transfer tubes located at the one side
end the same as that combustion region. However, the
combustion air supplied to the burner unit flows also to the
non-burning burners located upstream of the other side end
of the heat transfer fin. The low temperature combustion air
passing through the non-burning burners mainly flows
toward the heat transfer tubes located at the other side end
of the heat transter fin the same as the combustion region of
the non-burning burners. Therefore, the heat transfer tubes
near the one side end of the heat transfer fin are heated by
the combustion exhaust gas, while the heat transfer tubes
near the other side end of the heat transfer fin are cooled by
the combustion air. This forms, 1n each of the plurality of
stages, a high temperature region and a low temperature
region. Thus, 1n a case where the heat transfer tubes are
arranged 1n the plurality of stages in the direction of the gas
flow passage of the combustion exhaust gas, the heat
medium heated by the combustion exhaust gas 1s cooled 1n
cach stage by the combustion air that 1s not used for
combustion. There 1s consequently a problem that repeated
temperature rise and fall of the heat medium within the heat
exchange tube path causes ineflicient heating of the heat
medium.

SUMMARY OF INVENTION

The present mnvention has been made to solve the above
problem, and an object of the present invention 1s to provide
a heat transier fin for a heat exchanger capable of efliciently
transferring heat in combustion exhaust gas to a heat
medium flowing in a heat transfer tube.

According to the present invention, there 1s provided a
heat transfer fin 1in a flat plate shape arranged 1n a heat
exchanger through which combustion exhaust gas flows, the
heat transfer fin comprising:

a plurality of heat-transfer-tube 1nsertion holes aligned 1n
a single stage;

a downstream cut portion provided downstream of a gas
flow passage of the combustion exhaust gas between adja-
cent heat-transter-tube insertion holes, and formed so as to
be recessed toward an upstream side of the gas flow passage
of the combustion exhaust gas;

a downstream flange formed on a peripheral edge of the
downstream cut portion so as to protrude from one surface
of the heat transfer fin; and

a plurality of first protruding pieces formed between the
heat-transier-tube 1sertion hole and the downstream flange
so as to protrude alternately from both surfaces of the heat
transfer fin.

Other objects, features and advantages of the present
invention will become more fully understood from the
detailed description given hereinbelow and the accompany-
ing drawings which are given by way of illustration only,
and thus are not to be considered as limiting the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic vertical cross-sectional view show-
ing one example of a combustion apparatus according to an
embodiment of the present invention;
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FIG. 2 1s a schematic side view showing one example of
the combustion apparatus according to the embodiment of

the present invention;

FIG. 3 1s a schematic front view showing one example of
a heat transfer fin according to the embodiment of the
present mvention;

FIG. 4 1s a schematic enlarged front view of a principal
portion showing one example of the heat transfer {in accord-
ing to the embodiment of the present imnvention;

FIG. 5 1s a schematic perspective view of a principal
portion showing one example of the heat transier {in accord-
ing to the embodiment of the present imvention;

FIG. 6 1s a schematic cross-sectional view showing one
example of the heat transter fin according to the embodiment
of the present invention; and

FIG. 7 1s a schematic enlarged front view of a principal
portion showing another example of a heat transfer fin
according to the embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

Hereinafter, referring to drawings, a heat transfer fin and
a combustion apparatus according to an embodiment of the
present mvention will be described 1n detail.

FIG. 1 1s a schematic vertical cross-sectional view of the
combustion apparatus applied to a water heater, and FIG. 2
1s a schematic side view thereof. As shown 1in FIGS. 1 and
2, a heat exchanger 300 provided with a heat transfer fin 1
according to the embodiment of the present invention 1is
incorporated 1 a combustion apparatus 700. The heat
exchanger 300 1s configured such that water (a heat medium)
supplied from a water supply pipe 101 to a heat transier tube
9 15 heated by heat exchange with combustion exhaust gas
released from a gas burner 201 and supplied to a hot-water
supplying terminal (not-shown) via a hot-water supply pipe
102.

A body (heat exchanger body) 301 constituting an outer
shell of the heat exchanger 300 1s formed 1n a substantially
rectangular box shape having an upper opening 351 and a
lower opening 352 on upper and lower sides, respectively.
The lower opening 352 1s connected to a burner unit 200
containing the gas burner 201. On the other hand, the upper
opening 351 i1s connected to an exhaust gas chamber 400
leading the combustion exhaust gas fed from the gas burner
201 to the body 301 out the combustion apparatus 700.

In the present specification, when one main surface of the
heat transter fin 1 1s viewed from a front surface side (a front
side of FIG. 1 and a right side of FIG. 2), a thickness
direction of the heat transfer fin 1 corresponds to a front-rear
direction, a width direction of the heat transter fin 1 corre-
sponds to a left-right direction, and a height direction of the
heat transfer fin 1 corresponds to an up-down direction.
Also, the front surface side of the heat transfer fin 1
corresponds to one surface side thereof, and a rear surface
side corresponds to the other surface side. Further, following
a gas flow passage of the combustion exhaust gas, a lower
side corresponds to an upstream side, and an upper side
corresponds to a downstream side.

The burner umt 200 1s divided into a plurality of com-
bustion regions (in this embodiment, three). In each of the
combustion regions, one or more tlat gas burners 201 are
provided 1n a vertical posture and arranged side by side in
the left-right direction. The respective gas burners 201
communicate with divided gas manifolds 202 corresponding
to the combustion regions. Each of the gas manifolds 202
connects to a branch gas pipe branched from a gas pipe 210.
Therefore, 1n partial combustion, only the gas burners 201 1n
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4

some of the combustion regions are supplied with fuel gas
and combustion air, and the gas burners 201 1n the other of
the combustion regions are supplied only with the combus-
tion air.

A Tan unit 500 1s connected to a lower portion of the
burner unit 200. Air outside the combustion apparatus 700 1s
fed as the combustion air of the gas burner 201 into the
burner unit 200 by rotating a fan 501 1n the fan unit 500. The
air fed into the burner unit 200 1s introduced into the body
301 of the heat exchanger 300 from the lower opening 352
together with the combustion exhaust gas released from the
gas burners 201, and then discharged to an outside of the
combustion apparatus 700 from the upper opening 35
through the exhaust gas chamber 400.

The body 301 has a front side wall 303 and a rear side wall
304 facing each other. Between the front side wall 303 and
the rear side wall 304, a plurality of flat plate-shaped heat
transfer fins 1 made of copper-based metal 1s arranged
substantially in parallel in the front-rear direction with a
predetermined clearance. Also, between the front side wall
303 and the rear side wall 304 facing each other in the body
301, a plurality of straight heat transfer tubes 9 (in this
embodiment, nine) made of copper-based metal extends.

The heat transier tubes 9 are arranged side by side 1n the
left-right direction at predetermined intervals between the
front side wall 303 and the rear side wall 304 similar to the
gas burners 201. Fach of the heat transfer tubes 9 has a
substantially circular cross-sectional shape. Although not
shown, both tube ends of the heat transfer tubes 9 protrude
outward from tube-end insertion holes provided 1n the front
side wall 303 and the rear side wall 304. Except for an
upstream tube end on a front wall side of a most upstream
heat transfer tube 9 and a downstream tube end on a rear wall
side of a most downstream heat transter tube 9, tube ends of
adjacent two heat transier tubes 9 are serially connected to
cach other via connecting headers 121 and 122 outside the
front side wall 303 and the rear side wall 304, thereby
constituting one heat exchange tube path 330.

The water supply pipe 101 1s connected to the connecting,
header 121 on an inlet side of the heat exchange tube path
330, while the hot-water supply pipe 102 i1s connected to the
connecting header 122 on an outlet side of the heat exchange
tube path 330. Therefore, the water supplied to the connect-
ing header 121 at the 1nlet side through the water supply pipe
101 flows while meandering 1n the front-rear direction via
the connecting headers 121 and 122 provided on the front
side wall 303 and the rear side wall 304, and then flows from
the connecting header 122 at the outlet side to the hot-water
supply pipe 102.

As shown 1n FIGS. 3 to 5, each of the heat transfer fins 1
has a plurality of heat-transfer-tube insertion holes 10 (in
this embodiment, nine) formed by burring at predetermined
intervals for inserting the heat transter tubes 9. Therefore,
the heat-transier-tube 1nsertion holes 10 are laterally aligned
in a single stage 1n the left-right direction of the heat transfer
fin 1.

Each of the heat-transfer-tube insertion holes 10 has a
circular shape substantially same as an outer shape of the
heat transfer tube 9. A support flange 11 1s also formed by
burring to protrude forward from substantially the entire
circumierence of an inner peripheral edge of each of the
heat-transfer-tube 1nsertion holes 10. The support flange 11
has a predetermined protrusion height HI (for example, 1.2
mm). The respective heat transfer tubes 9 are inserted
through heat-transfer-tube insertion holes 10 1n a direction
substantially orthogonal to the heat transfer fins 1. The
respective heat transier tubes 9 are fixed to each of the heat
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transier fins 1 by brazing outer circumierential surfaces of
the heat transfer tubes 9 and inner circumierential surfaces
of the support flange 11. Brazing material holding portions
15 are formed at upper circumierential edges of the respec-
tive heat-transfer-tube insertion holes 10.

A plurality of spacer portions 17 (in this embodiment,
three) 1s formed 1n a circumierential direction of the support
flange 11 at predetermined intervals to extend forward from
the support flange 11 with their front ends bent radially
outward. A protrusion height Hs of the spacer portion 17 1s
thus set higher than the protrusion height Hf of the support
flange 11 (see FIG. 6). When the heat transfer fins 1 are
arranged side by side 1n the front-rear direction, the spacer
portions 17 abut on a rear surface of an adjacent heat transier
fin 1 to maintain the predetermined clearance between
adjacent two heat transfer fins 1.

A plurality of upstream cut portions 2 (in this embodi-
ment, eight) 1s formed 1n a fin lower end portion as an
upstream end portion of the heat transier fin 1. Each of the
upstream cut portions 2 1s provided upstream of a gap
between adjacent heat-transfer-tube insertion holes 10. The
upstream cut portions 2 are formed at the same pitch as that
of the heat-transfer-tube insertion holes 10. Each of the
upstream cut portions 2 1s formed 1n a substantially reverse
V-shape recessed toward the downstream side. Further, the
upstream cut portion 2 has no forward protruding flange on
its peripheral edge diflerent from a downstream cut portion
3 described later. Therefore, the combustion exhaust gas
flowing from the upstream side smoothly flows into the
clearance between the adjacent heat transfer fins 1.

Each of the upstream cut portions 2 1s formed by cutting
out the heat transfer fin 1 from the {in lower end portion to
a height substantially equal to a height of a lower end of the
heat-transfer-tube insertion hole 10. Accordingly, a part of
the combustion exhaust gas itroduced into the body 301
from the lower opening 352 passes through the upstream cut
portions 2 and reaches the gap between the adjacent heat-
transier-tube 1nsertion holes 10. The upstream cut portions 2
thus make a distance between the heat-transier-tube nser-
tion hole 10 and an upstream edge of the heat transter fin 1
substantially uniform in an upstream region of the heat
transter fin 1. Therefore, heat 1n the combustion exhaust gas
uniformly transters to the heat transfer fins 1 in the upstream
regions ol the heat transter fins 1. This can achieve a lower
temperature of the upstream edges of the heat transfer fins 1
to keep the heat transfer fins 1 from partially having high
temperatures, and thus improvement of durability of the heat
transfer fins 1.

A plurality of downstream cut portions 3 (in this embodi-
ment, eight) 1s formed 1 a fin upper end portion as a
downstream end portion of the heat transier fin 1. Each of
the downstream cut portions 3 1s provided downstream of
the gap between the adjacent heat-transier-tube insertion
holes 10. The downstream cut portions 3 are formed at the
same pitch as that of the heat-transier-tube msertion holes
10. The downstream cut portions 3 may be formed 1n a
substantially arc shape recessed toward the upstream side.
Each of the downstream cut portions 3 1s formed by cutting
out the heat transfer fin 1 from the upper end portion to a
height above an upper end of the heat-transfer-tube insertion
hole 10. The downstream cut portions 3 may be formed in
a substantially V-shape.

A downstream flange 13 i1s formed to protrude forward
from a peripheral edge of each of the downstream cut
portions 3. The downstream flange 13 has a predetermined
protrusion height Hk (for example, 1.9 mm). The protrusion
height Hk of the downstream flange 13 1s set slightly lower
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6

than the clearance distance between the adjacent heat trans-
fer fins 1. A width in the left-right direction of the down-
stream cut portion 3 1s set substantially equal to a minimum
distance between the adjacent heat-transfer-tube insertion
holes 10. The downstream flange 13 thus protrudes forward
so as to substantially close a part of upper opening portion
of the clearance between the adjacent heat transier fins 1.
This causes the combustion exhaust gas flowing from the
upstream side to tlow to the downstream side while spread-
ing in the left-right direction along the substantially arc-
shaped downstream flanges 13. Preferably, the protrusion
height Hk of the downstream flange 13 1s set in such a
manner that a clearance between a front end of the down-
stream flange 13 and the rear surface of the adjacent heat
transfer fin 1 becomes narrower.

Since the heat transfer tubes 9 are inserted into the
heat-transfer-tube 1nsertion holes 10, the combustion
exhaust gas 1s split into left and right components by the heat
transier tubes 9. The split combustion exhaust gas flows
between the heat-transier-tube insertion hole 10 and the
downstream flange 13 to the downstream side. Therefore, as
indicated by dashed arrows in the figures, the gas flow
passage of the combustion exhaust gas 1s formed to wrap
around the heat transfer tubes 9 in a downstream region of
the heat transfer fin 1. This can achieve not only reduction
in combustion exhaust gas flowing by a shortcut from the
gap between the adjacent heat transfer tubes 9 to the
downstream side, but also longer contact time of the com-
bustion exhaust gas with the heat transfer tubes 9.

On fin left and right end portions of the heat transfer {in
1, side wall portions 19 bent forward are formed. Each of the
side wall portions 19 thus protrudes forward so as to
substantially close right and left opening portions of the
clearance between the adjacent heat transfer fins 1. This
reduces an amount of the combustion exhaust gas flowing
through the clearance between the adjacent heat transier fins
1 and leaking from the fin left and right end portions.

Between the heat-transfer-tube 1nsertion hole 10 and the
downstream flange 13, a plurality of first cut-and-raised
portions 4a, 4b, 4¢ (in this embodiment, three) formed by
cutting and raising parts of the heat transtfer fin 1 1s aligned
in a direction of the gas tflow passage of the combustion
exhaust gas at predetermined intervals as first protruding
pieces. Each of the first cut-and-raised portions 4a, 45, 4¢ 1s
formed 1n a substantially rectangular fin shape with 1ts short
side extending along the direction of the gas flow passage of
the combustion exhaust gas. Further, each of the first cut-
and-raised portions 4a, 4b, 4¢ 1s cut and raised from the
downstream side toward the upstream side 1n such a manner
that 1ts tip end 1s located at the downstream side. In other
words, each of the protruding pieces (first cut-and-raised
portions) protrudes only 1n a downstream direction of the
gas flow passage of the combustion exhaust gas. This forms
first slits 5a, 5b, 5¢ 1 a substantially rectangular shape on
the downstream side of the first cut-and-raised portions 4a,
4b, 4c, respectively.

The first cut-and-raised portions 4a, 4b, 4¢ incline at a
constant angle (in this embodiment, about 45 degrees) with
respect to the left-right direction 1n such a manner that their
end portions at a heat-transfer-tube insertion hole side are
located at the upstream side between the heat-transier-tube
insertion hole 10 and the downstream flange 13. Therelore,
the first cut-and-raised portions 4a, 4b, 4¢ are cut and raised
so as to be substantially orthogonal to the gas tlow passage
of the combustion exhaust gas flowing between the heat-
transier-tube insertion hole 10 and the downstream flange
13. This allows the heat 1n the combustion exhaust gas to
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directly transter to the first cut-and-raised portions 4a, 45, 4¢
in the downstream region of the heat transfer fin 1. Further-
more, collision of the combustion exhaust gas with the first
cut-and-raised portions 4a, 4b, 4¢ promotes turbulent flow of
the combustion exhaust gas. When the combustion exhaust
gas colliding with the first cut-and-raised portions 4a, 45, 4¢
passes downstream ends of the first cut-and-raised portions
da, 4b, 4c, eddy flow 1s formed. This eddy flow also
promotes the turbulent flow of the combustion exhaust gas.
This can achieve a breakup of a temperature boundary layer
of the combustion exhaust gas flowing on the heat transfer
fin 1 1n the downstream region of the heat transfer fin 1.
Therefore, the heat 1n the combustion exhaust gas efliciently
transfers to the heat transier fins 1.

As shown 1n FIG. 5, among the three first cut-and-raised
portions 4a, 4b, 4¢, the most upstream and the most down-
stream first cut-and-raised portions 4a and 4¢ are cut and
raised forward from the heat transfer fin 1, and the inter-
mediate first cut-and-raised portion 45 1s cut and raised
rearward. That 1s, the first cut-and-raised portions 4a, 45, 4¢
are formed so as to protrude alternately from both the front
and rear surfaces of the heat transfer fin 1. Accordingly, a
part of the combustion exhaust gas tlowing between the
heat-transfer-tube insertion hole 10 and the downstream
flange 13 tlows from the upstream side to the downstream
side while meandering on both the front and rear surface
sides of the heat transfer fin 1 via the first slits 5q, 558, 5¢
opening on the downstream sides of the first cut-and-raised
portions 4a, 4b, 4¢c. Thus, repeated mixing and separation of
the combustion exhaust gas flowing through the clearance
between the adjacent heat transfer fins 1 promotes the
turbulent flow of the combustion exhaust gas. Additionally,
when the combustion exhaust gas passes through the first
slits 5a, 3b, 5¢, collision of the combustion exhaust gas with
opening edges of the first slits 3Sa, 5b, 5¢ further promotes
the turbulent flow of the combustion exhaust gas. This can
achieve the breakup of the temperature boundary layer of the
combustion exhaust gas flowing on the heat transfer fin 1 1n
the downstream region of the heat transter fin 1.

Between the adjacent heat-transfer-tube insertion holes
10, a plurality of second cut-and-raised portions 6a, 65, 6¢
(in this embodiment, three) formed by cutting and raising
parts of the heat transfer fin 1 1s aligned 1n the direction of
the gas flow passage of the combustion exhaust gas at
predetermined intervals as second protruding pieces. Each
of the second cut-and-raised portions 6a, 6b, 6¢ has a
protruding shape similar to the first cut-and-raised portions
da, 4b, 4c except that those are formed substantially hori-
zontally 1 the up-down direction. Therefore, the second
cut-and-raised portions 6a, 6b, 6¢ are cut and raised so as to
be substantially orthogonal to the gas flow passage of the
combustion exhaust gas flowing between the adjacent heat-
transier-tube 1nsertion holes 10. This allows the heat 1n the
combustion exhaust gas to directly transier to the second
cut-and-raised portions 6a, 6b, 6¢ 1n an intermediate region
of the heat transfer fin 1. Further, the turbulent flow of the
combustion exhaust gas 1s promoted by the second cut-and-
raised portions 6a, 6b, 6¢ and second slits 7a, 7b, Tc, so that
a breakup of a temperature boundary layer of the combus-
tion exhaust gas flowing on the heat transfer fins 1 in the
intermediate region can be achieved. Theretfore, the heat 1n
the combustion exhaust gas efliciently transfers to the heat
transier fins 1.

Among the three second cut-and-raised portions 6a, 65,
6¢, the most upstream second cut-and-raised portion 6a 1s
located above the lower end of the heat-transfer-tube 1nser-
tion hole 10, and the most downstream second cut-and-
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raised portion 6c¢ 1s located below the upper end of the
heat-transfer-tube 1insertion hole 10. Further, the second
cut-and-raised portions 6a, 66, 6¢c are formed wider as they
are farther away 1n the direction of the gas flow passage of
the combustion exhaust gas from a center line connecting
the centers of the adjacent heat-transier-tube 1nsertion holes
10. Thus, distances between left and right side ends of the
second cut-and-raised portions 6a, 65, 6¢ and the heat-
transier-tube 1nsertion hole 10 are substantially equal. This
forms gaps of a substantially equal distance between the
second cut-and-raised portions 6a, 65, 6¢ and the heat-
transier-tube sertion hole 10. The first cut-and-raised por-
tions 4a, 4b, 4c and the second cut-and-raised portions 6a,
65, 6¢ are formed as a whole so as to protrude alternately

from both the front and rear surfaces of the heat transfer fin
1.

As shown 1 FIG. 6, a protrusion height H1 of the first
cut-and-raised portions 4a, 4b, 4¢ and a protrusion height H2
of the second cut-and-raised portions 6a, 65, 6¢ are both set
lower than the protrusion height Hk of the downstream
flange 13. This can suppress excessive ncrease 1 passing
resistance occurred when the combustion exhaust gas passes
through the clearance between the adjacent heat transier fins
1.

Between the heat-transfer-tube 1nsertion hole 10 and the
lower edge (upstream edge) of the heat transfer fin 1, a
plurality of upstream protrusions 16 (in this embodiment,
three) 1s formed 1n the left-right direction at predetermined
intervals to protrude forward. Each of the upstream protru-
sions 16 1s formed 1n a substantially truncated cone shape
without penetrating the heat transfer fin 1. When high
temperature combustion exhaust gas flowing from the
upstream side flows into the clearance between the adjacent
heat transfer fins 1, it collides with the upstream protrusions
16. This allows split combustion exhaust gas to form 1n the
upstream region of the heat transfer fin 1, and promotes
turbulent flow of the combustion exhaust gas. Also,
increased surface areas of the heat transfer fins 1 due to the
upstream protrusions 16 can achieve longer contact time of
the combustion exhaust gas with the heat transfer fins 1 in
the upstream region of the heat transfer fin 1. The number
and shape of the upstream protrusions 16 may appropriately
be set 1n accordance with the shape and size of the heat-
transier-tube insertion hole 10. The upstream protrusions 16
may be shaped to be elongate in the left-right direction, for
example.

A protrusion height Hp of each of the upstream protru-
sions 16 protruding forward 1s set lower than the protrusion
height HT of the support flange 11. Therefore, the combus-
tion exhaust gas 1s not hindered to come 1nto contact with the
support flange 11 and the heat transier tubes 9 located
downstream of the upstream protrusions 16.

In the combustion apparatus of the above embodiment,
the plurality of heat transfer tubes 9 1s inserted through the
plurality of heat-transfer-tube 1nsertion holes 10 of each heat
transter fin 1 1n the direction substantially orthogonal to the
respective heat transfer fins 1. Additionally, the heat transier
tubes 9 are connected so as to form the single heat exchange
tube path 330 1n the heat exchanger 300. Further, the burner
unit 200 1s divided 1nto the plurality of combustion regions,
and the flat gas burners 201 are arranged side by side 1n the
same direction as an alignment direction of the plurality of
heat transfer tubes 9. Thus, partial combustion causes only
some of the heat transfer tubes 9 1n the heat exchanger 300
to be heated to high temperatures. However, according to the
heat exchanger 300 having the heat transfer fins 1 of the
present embodiment, since the heat transfer tubes 9 are
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aligned 1n the single stage 1n the heat exchanger 300, no
tolded back portion in the left-right direction 1s formed 1n the

heat exchange tube path 330. Thus, even 1n a case where the
partial combustion 1n the burner umt 200 having the plural-
ity of combustion regions 1s performed 1n such a manner that
only the gas burners 201 1n some of the combustion regions
burn, repeated temperature rise and fall of the heat medium
flowing 1n the heat exchange tube path 330 can be avoided
by burning the gas burners 201 1n the combustion region
located upstream of the heat transfer tube 9 at the outlet side.

Furthermore, according to the present embodiment, even
in a case where the heat transfer fins 1 having the plurality
ol heat-transfer-tube insertion holes 10 aligned 1n the single
stage are used, the longer contact time of the combustion
exhaust gas with the heat transfer tubes 9 and the breakup of
the temperature boundary layer of the combustion exhaust
gas tlowing on the heat transier fins 1 can be achueved. Thus,
the heat 1n the combustion exhaust gas can be well trans-
terred to the heat transfer tubes 9 inserted through the
heat-transfer-tube 1nsertion holes 10, and to the heat transter
fins 1. Therefore, there 1s provided the combustion apparatus
which 1s capable of efliciently heating the heat medium
flowing 1n the heat transtfer tubes 9 by heat exchange with
the combustion exhaust gas.

FIG. 7 1s a schematic enlarged front view of a principal
portion showing another example of the heat transfer fin.
This heat transfer fin 1a has the same configuration as the
heat transter fin 1, except that the second cut-and-raised
portions 6a, 6b, 6¢ are not formed between the adjacent
heat-transier-tube 1nsertion holes 10, and that upstream cut
portions 2a are formed by deeply cutting the heat transter fin
la toward the downstream side from the fin lower end
portion. Therefore, common elements are assigned the same
reference numerals, and their explanations are omaitted.

As shown 1n FIG. 7, the upstream cut portions 2a 1s
formed 1n such a manner that a lower end of the upstream cut
portion 2a 1s located downstream of an upstream end of the
heat-transier-tube 1nsertion hole 10, and 1s located upstream
ol an upstream end of the most upstream {irst cut-and-raised
portion 4a.

The upstream cut portions 2a thus make a distance
between the heat-transfer-tube insertion hole 10 and an
upstream edge of the heat transter fin 1 substantially uniform
in upstream and intermediate regions of the heat transfer fin
1a. Theretfore, heat 1n the combustion exhaust gas uniformly
transiers to the heat transfer fins la in the upstream and
intermediate regions of the heat transtfer fins 1a. This can
achieve a lower temperature of the upstream edges of the
heat transfer fins 1a to keep the heat transter fins 1a from
partially having high temperatures, and thus improvement of
durability of the heat transfer fins 1a.

Other Embodiments

(1) In the above embodiment, the water heater 1s used as
the combustion apparatus. However, the combustion appa-
ratus, such as a heat source device for a room heater, and a
heat source device for a storage water heating system, may
be used.

(2) In the above embodiment, the burner umit and the fan
unit are disposed below the heat exchanger in such a manner
that the combustion exhaust gas flows from the lower side to
the upper side. However, the burner unit and the fan umit
may be disposed above the heat exchanger 1n such a manner
that the combustion exhaust gas flows from the upper side to
the lower side. In such a case, vertical inverted heat transter
fins are disposed 1n the heat exchanger.
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(3) In the above embodiment, the first and second pro-
truding pieces are both formed 1n the substantially rectan-
gular {in shape. However, these protruding pieces may have
other shapes such as a substantially trapezoidal fin shape.
The first and second protruding pieces are both formed to
open upward, leftward, and rightward. However, these pro-
truding pieces may have a so-called louver shape with its
right and left ends closed.

(4) In the above embodiment, the adjacent two heat
transier tubes communicate with one another at their tube
ends to form the heat exchange tube path. However, adjacent
three or more heat transier tubes may communicate with one
another at their tube ends to form the heat exchange tube
path.

(5) In the above embodiment, the first and second pro-
truding pieces are both formed to protrude toward the
downstream side. The first and second protruding pieces
may be formed to protrude toward the upstream side.
However, i1 these protruding pieces are formed to protrude
toward the downstream side, eddy flow 1s likely to be
formed when the combustion exhaust gas departs from these
protruding pieces. Therefore, the turbulent flow of the com-
bustion exhaust gas can be promoted.

(6) In the above embodiment, the plurality of heat transter
fins 1s arranged side by side in such a manner that the
alignment direction of the plurality of heat transfer fins 1s
consistent with the alignment direction of the plurality of gas
burners. However, the plurality of heat transier fins 1s
arranged side by side 1n a state of rotating the heat transfer
fins substantially 90 degrees 1n a horizontal direction in such
a manner that the alignment direction of the plurality of heat
transfer fins 1s substantially orthogonal to the alignment
direction of the plurality of gas burners. Even 1n a case
where the heat transier tubes and the gas burners are
disposed 1n the heat exchanger 1n such a position relation,
repeated temperature rise and fall of a heat medium can be
reduced, as compared with a heat exchanger in which a
plurality of heat transfer tubes 1s arranged 1n a plurality of
stages.

As described i detail, the present invention 1s summa-
rized as follows.

According to the present invention, there 1s provided a
heat transfer fin 1in a flat plate shape arranged 1n a heat
exchanger through which combustion exhaust gas flows, the
heat transfer fin comprising:

a plurality of heat-transfer-tube 1nsertion holes aligned 1n
a single stage;

a downstream cut portion provided downstream of a gas
flow passage of the combustion exhaust gas between adja-
cent heat-transter-tube insertion holes, and formed so as to
be recessed toward an upstream side of the gas flow passage
of the combustion exhaust gas;

a downstream flange formed on a peripheral edge of the
downstream cut portion so as to protrude from one surface
of the heat transfer fin; and

a plurality of first protruding pieces formed between the
heat-transier-tube 1sertion hole and the downstream flange
so as to protrude alternately from both surfaces of the heat
transfer fin.

According to the heat transfer fin described above, a
plurality of heat transier tubes 1s aligned 1n the single stage.
Therefore, even 1n a case where partial combustion 1n a
burner unit 1s performed, repeated temperature rise and fall
of a heat medium flowing in a heat exchange tube path can
be reduced.

On the other hand, when the heat transfer tubes are
aligned 1n the single stage, no heat transfer tube 1s located on
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the downstream side of the gas flow passage ol the com-
bustion exhaust gas between adjacent heat transier tubes.
Therefore, the combustion exhaust gas linearly flows
between the adjacent heat transfer tubes to the downstream
side, which results 1n decreasing contact time of the com-
bustion exhaust gas with the heat transter tubes and reducing
the opportunity for the combustion exhaust to contact the
heat transier tubes between adjacent heat transfer fins.
Therefore, turbulent flow of the combustion exhaust gas 1s
not promoted between the adjacent heat transier fins, and a
temperature boundary layer of the combustion exhaust gas 1s
likely to be formed on each surface of the heat transfer fin.

However, according to the heat transfer fin described
above, the downstream cut portion 1s provided downstream
of the gas flow passage of the combustion exhaust gas
between the adjacent heat-transier-tube nsertion holes so as
to be recessed toward the upstream side of the gas flow
passage of the combustion exhaust gas, and the downstream
flange 1s formed on the peripheral edge of the downstream
cut portion so as to protrude from the one surface of the heat
transfer fin. Thus, the combustion exhaust gas passing
between the adjacent heat-transfer-tube nsertion holes col-
lides with the downstream flange. Then, a tlow direction of
the gas tlow passage of the combustion exhaust gas 1s
deflected by the downstream flange in such a manner that the
combustion exhaust gas flows between the heat-transfer-
tube 1nsertion hole and the downstream flange. As a result,
the gas flow passage of the combustion exhaust gas 1s
formed to wrap around the heat transier tubes 1n a down-
stream region of the heat transfer fin. This can achieve not
only reduction in combustion exhaust gas flowing by a
shortcut from a gap between the adjacent heat transier tubes
to the downstream side, but also longer contact time of the
combustion exhaust gas with the heat transfer tubes.

Further, according to the heat transfer fin described above,
the plurality of first protruding pieces 1s formed between the
heat-transfer-tube msertion hole and the downstream tlange
so as to protrude alternately from both the surfaces of the
heat transter fin. Thus, the combustion exhaust gas collides
with the first protruding pieces. This allows heat in the
combustion exhaust gas to directly transfer to the first
cut-and-raised pieces. Further, when the combustion exhaust
gas colliding with the first cut-and-raised pieces passes tip
ends of the first cut-and-raised pieces, eddy flow 1s formed
and turbulent tlow of the combustion exhaust gas 1s pro-
moted. This can achieve a breakup of a temperature bound-
ary layer of the combustion exhaust gas flowing on the heat
transfer fin.

Preferably, the heat transier fin described above further
comprises a plurality of second protruding pieces formed
between the adjacent heat-transier-tube msertion holes so as
to protrude alternately from both the surfaces of the heat
transier fin.

According to the heat transfer fin described above, the
plurality of second protruding pieces 1s formed between the
adjacent heat-transier-tube insertion holes so as to protrude
alternately from both the surfaces of the heat transfer fin.
Thus, the combustion exhaust gas collides with the second
protruding pieces. This allows heat in the combustion
exhaust gas to directly transfer to the second cut-and-raised
pieces. Further, when the combustion exhaust gas colliding,
with the second cut-and-raised pieces passes tip ends of the
second cut-and-raised pieces, eddy flow 1s formed and
turbulent flow of the combustion exhaust gas 1s promoted.
This can achieve a breakup of a temperature boundary layer
of the combustion exhaust gas flowing on the heat transfer

fin.
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Preferably, in the heat transier fin described above,

the first protruding pieces protrude so as to be substan-
tially orthogonal to the gas flow passage of the combustion
exhaust gas flowing from the upstream side to a downstream
side between the heat-transfer-tube insertion hole and the
downstream flange, and

the second protruding pieces protrude so as to be sub-
stantially orthogonal to the gas tlow passage of the com-
bustion exhaust gas flowing from the upstream side to the
downstream side between the adjacent heat-transier-tube
insertion holes.

According to the heat transfer fin described above, the
heat 1n the combustion exhaust gas efliciently transiers to the
first protruding pieces and the second protruding pieces. The
turbulent flow of the combustion exhaust gas can be further
promoted.

Preferably, 1in the heat transfer fin described above,

the first protruding piece and the second protruding piece
have, respectively, a first cut-and-raised portion and a sec-
ond cut-and-raised portion each formed by cutting and
raising a part of the heat transfer fin, and

the downstream tlange has a protrusion height higher than
protrusion heights of the first cut-and-raised portion and the
second cut-and-raised portion on one surface side of the heat
transier fin.

According to the heat transfer fin described above, the
first protruding piece and the second protruding piece have,
respectively, a first cut-and-raised portion and a second
cut-and-raised portion each formed by cutting and raising a
part of the heat transier fin. Therefore, a part of the com-
bustion exhaust gas flows from the upstream side to the
downstream side while meandering on both surface sides of
the heat transier fin via slits formed by the first cut-and-
raised portions and the second cut-and-raised portions. Thus,
repeated mixing and separation of the combustion exhaust
gas flowing through the clearance between the adjacent heat
transier fins promotes the turbulent flow of the combustion
exhaust gas 1n the downstream region and an intermediate
region of the heat transter fin. Additionally, when the com-
bustion exhaust gas passes through the slits, collision of the
combustion exhaust gas with opening edges of the slits
further promotes the turbulent flow of the combustion
exhaust gas. This can achieve the breakup of the temperature
boundary layer of the combustion exhaust gas tlowing on the
heat transter fin.

Further, according to the heat transfer fin described above,
since the first cut-and-raised portion and the second cut-and-
raised portion have protrusion heights lower than that of the
downstream tlange, the clearance between the adjacent heat
transier {ins 1s not closed by the first cut-and-raised portion
and the second cut-and-raised portion. This can suppress
excessive 1ncrease 1n passing resistance of the combustion
exhaust gas.

Preferably, the heat transfer fin described above turther
comprises an upstream protrusion formed between the heat-
transier-tube msertion hole and an upstream edge of the heat
transter fin so as to protrude from the one surface of the heat
transfer fin.

According to the heat transfer fin described above, since
the upstream protrusion 1s formed between the heat-transier-
tube 1nsertion hole and an upstream edge of the heat transier
{in so as to protrude from the one surface of the heat transfer
fin, the surface area 1n the upstream region in contact with
high temperature combustion exhaust gas can be increased.
This can achieve longer contact time of the combustion
exhaust gas with the heat transfer fin. Further, since the
upstream protrusion protrudes from the one surface of the
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heat transier fin, the combustion exhaust gas flowing from
the upstream side can be split into split gas components by
the upstream protrusion. This allows the combustion exhaust
gas to come into contact with the heat transier tubes uni-
tformly. Further, the turbulent flow of the combustion
exhaust gas can be promoted 1n the upstream region of the
heat transfer fin. This can achieve the breakup of the
temperature boundary layer of the combustion exhaust gas
flowing on the heat transfer fin.

Preferably, the heat transier fin described above further
comprises an upstream cut portion provided upstream of the
gas flow passage of the combustion exhaust gas between the
adjacent the heat-transier-tube insertion holes, and formed
so as to be recessed toward the downstream side of the gas
flow passage of the combustion exhaust gas.

According to the heat transfer fin described above, the
upstream cut portion 1s provided upstream of the gas flow
passage of the combustion exhaust gas between the adjacent
the heat-transter-tube 1nsertion holes, and formed so as to be
recessed toward the downstream side of the gas flow passage
of the combustion exhaust gas. Therefore, a distance
between the heat-transfer-tube insertion hole and an
upstream edge of the heat transfer fin can be formed sub-
stantially uniform 1n the upstream region of the heat transfer
fin. Thus, the heat in the combustion exhaust gas can be
uniformly transierred to the heat transier fin 1n the upstream
region. This can achieve a lower temperature of the
upstream edges of the heat transier fins to keep the heat
transfer fins from partially having high temperatures, and
thus improvement of durability of the heat transfer fin.

According to the present invention, there 1s provided the
combustion apparatus which 1s capable of efliciently heating
the heat medium flowing 1n the heat transier tubes by heat
exchange with the combustion exhaust gas.

The present application claims a priority based on Japa-

nese Patent Applications No. 2018-194605 filed on Oct. 15,
2018 and No. 2018-236249 filed on Dec. 18, 2018, the
contents of which are hereby incorporated by reference 1n 1ts
entirely.

Although the present mmvention has been described 1n
detail, the foregoing descriptions are merely exemplary at all
aspects, and do not limit the present invention thereto. It
should be understood that an enormous number of unillus-
trated modifications may be assumed without departing from
the scope of the present invention.

What 1s claimed 1s:

1. A heat transfer fin having a flat plate shape and arranged
in a heat exchanger through which combustion exhaust gas
flows, the heat transier {in comprising;:

a plurality of heat-transfer-tube insertion holes aligned in

a single stage;

a downstream cut portion provided downstream of a gas
tlow passage of the combustion exhaust gas between an
adjacent pair of the plurality of heat-transfer-tube nser-
tion holes, the downstream cut portion being formed so
as to be recessed toward an upstream side of the gas
flow passage of the combustion exhaust gas;

a downstream flange formed on a peripheral edge of the
downstream cut portion so as to protrude from a {first
surface of the heat transfer fin; and
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a plurality of protruding pieces formed between the
downstream flange and a first heat-transfer-tube 1nser-
tion hole of the adjacent pair of the plurality of heat-
transier-tube insertion holes located adjacent to the
downstream flange so as to protrude alternately from
the first surface and a second surface of the heat transfer
fin,

wherein each of the plurality of protruding pieces 1s a
cut-and-raised portion protruding only 1n a downstream
direction of the gas flow passage of the combustion
exhaust gas.

2. The heat transter fin according to claim 1, wherein the
plurality of protruding pieces 1s a plurality of first protruding
pieces, the heat transier {in further comprising a plurality of
second protruding pieces formed between the adjacent pair
ol the plurality of heat-transter-tube insertion holes so as to
protrude alternately from the first surface and the second
surtace of the heat transier fin.

3. The heat transfer fin according to claim 2,

wherein the plurality of first protruding pieces are con-
figured to be substantially orthogonal to the gas flow
passage of the combustion exhaust gas flowing from
the upstream side to a downstream side between the
first heat-transfer-tube insertion hole of the adjacent
pair of the plurality of heat-transfer-tube insertion holes
and the downstream flange, and

wherein the plurality of second protruding pieces are
configured to be substantially orthogonal to the gas
flow passage of the combustion exhaust gas flowing
from the upstream side to the downstream side between
the adjacent pair of the plurality of heat-transier-tube
insertion holes.

4. The heat transfer fin according to claim 2,

wherein each of the plurality of first protruding pieces 1s
a first cut-and-raised portion,

wherein each of the plurality of second protruding pieces
1s a second cut-and-raised portion protruding only 1n a
downstream direction of the gas flow passage of the
combustion exhaust gas, and

wherein the downstream flange has a protrusion height
greater than protrusion heights of the first cut-and-
raised portions and the second cut-and-raised portions
protruding from the first surface of the heat transier fin.

5. The heat transfer fin according to claim 1, further
comprising an upstream protrusion formed between the first
heat-transfer-tube insertion hole of the adjacent pair of the
plurality of heat-transfer-tube 1nsertion holes and an
upstream edge of the heat transier fin so as to protrude from
the first surface of the heat transfer fin.

6. The heat transfer fin according to claim 1, further
comprising an upstream cut portion upstream of the gas tlow
passage ol the combustion exhaust gas between the adjacent

pair of the plurality of heat-transier-tube insertion holes, the
upstream cut portion being formed so as to be recessed
toward a downstream side of the gas flow passage of the
combustion exhaust gas.
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